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CARTILAGE THICKENING OCCURS IN BOTH UNLOADED AND NEW
TIBIOFEMORAL CONTACT REGIONS IN INJURED SHEEP
J.E. Beveridge y,z, B.L. Anderson x, J.L. Ronsky y,z, N.G. Shrive y,z,
C.B. Frank y,z. yMcCaig Inst. for Bone & Joint Hlth., Calgary, AB, Canada;
zUniv. of Calgary, Calgary, AB, Canada; xUniv. of Alberta, Edmonton, AB,
Canada
Purpose: Cartilage both swells and thins following joint injury, but
relating these phenomena to injury-speciﬁc in vivo dynamic mechan-
ical abnormalities remains challenging technically. Therefore, the study
purpose was to investigate the spatial distribution of the morphological
response of tibiofemoral cartilage to in vivo changes in contact location
during dynamic gait using two injury models known to cause post-
traumatic osteoarthritis (PTOA). We hypothesized that the spatial dis-
tribution of damaged cartilage thickness is injury-speciﬁc, with carti-
lage thickening occurring at new tibiofemoral contact regions, and
cartilage thinning occurring at unloaded regions.
Methods: 14 skeletally mature female sheep underwent combined ACL/
medial collateral ligament transection (ACL/MCLx; n¼5), complete lateral
meniscectomy (Mx; n¼5), or sham arthrotomy (Sham; n¼4). In vivo right
hind 3D stiﬂe kinematics during dynamic gait were recorded pre-oper-
atively (Intact) and 20 weeks (20w) post-operatively using removable
custom bone-mountedmarker assemblies and an optical motion capture
system. At 20w, animals were euthanized, hind limbs disarticulated, and
stiﬂe cartilage was graded and mapped. The 3D tibiofemoral articular
surface geometries of 11 sheep were measured optically using stereo-
photogrammetry (SPG), which involved capturing a series of photo-
graphs of surface ﬁducial marks and control targets (Figure 1.A).With the
kinematic marker assemblies afﬁxed to the bones, SPG control targets
and marker centroids were co-registered in a common 3D reference
frame using a hand-held coordinate measure machine (CMM; accu-
racy¼0.025mm). Tibiofemoral articular cartilage was then removed
using a papain solution, and the bone-mounted marker assemblies re-
attached. Anatomical coordinate systems (ACS) were created and sub-
chondral bone surfaces traced using the hand-held CMM. Because the
marker assemblies were always in the same relative orientation to the
bone (precision¼0.10.1mm), the articular and subchondral surface
geometries could be expressed in a common ACS using the marker
assemblies as reference points (registration precision¼0.20.1mm).
Subchondral bone and articular surfaces were modeled using thin plate
splines (TPS), and cartilage thickness was determined as the distance
from the subchondral TPS surfacemodel to the articular surfacemodel. In
vivo contact location during dynamic gait was determined by mapping
the relative position and separation of tibiofemoral subchondral bone
surfaces between successive hoofstrikes, and was quantiﬁed using
weighted centroids (precision¼0.50.3mm).
Results: Cartilage was thickest over the inner regions of the tibial
eminences and central regions of the femoral condyles. Contrary to
previous reports, these regions of thickest femoral and tibial cartilage
were not aligned during stance in sham-operated sheep. ACL/MCLx and
Mx led to signiﬁcantly more tibiofemoral cartilage damage than Sham
(Mann-Whitney test, adjusted p<0.017), with anteromedial and lateral
compartment regions being the most damaged in each injury model,
respectively. ACL/MCLx mid-stance centroid locations were sig-
niﬁcantly different from Intact (p<0.05, repeated measures ANOVA;
precision¼1.10.4mm). Further, cartilage thickness became more
homogeneous across the surface, with thicker regions (relative to Sham
cartilage proﬁles) corresponding to regions of gross cartilage damage,
but not weighted centroid location. Mx lateral compartment cartilage
thickness also became more homogeneous across the entire surface,
with cartilage thickening (tibia) and thinning (femur) at sites distant
from weighted centroid locations (Figure 1.B).
Conclusions: Cartilage thickness becomes more homogeneous follow-
ing stiﬂe injury in sheep. Whereas the thickest tibiofemoral cartilage
regions are not aligned during stance in uninjured sheep, the spatial
agreement between individual distribution of cartilage damage and
relative thickness in ACL/MCLx sheep partially conﬁrms our hypothesis.
However, the relationship between the spatial distribution of cartilage
damage and sites of new contact location in this injury model remains
unclear. Mx lateral compartment cartilage exhibited both thickening
and thinning that was surface-speciﬁc, suggesting that potentially
abrupt decreases in contact stress at sites where the meniscus once was
may be equally detrimental to cartilage health. Together, Conclusions
from these injury models support the paradigm that abnormal contactmechanics contribute to PTOA initiation and progression following
stiﬂe injury.
Figure 1. A. SPG was used to capture articular surface geometry optically.
The femoral surface is visible at the centre of the custom frame with the
ring of white control targets. B. Mx tibiofemoral cartilage thickness map
and weighted centroid location at Intact (black circles) and 20w post-Mx
(magenta circles) for a representative sheep. Mx centroid locatins were
not statistically different (repeated measure ANOVA). Cartilage thickness
(shown as a colour map, in mm) was more homogeneous across the
damaged lateral compartment surfaces. Anterior, posterior, medial, and
lateral orientations are indicated by capital letters on the legends to the
left.
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NEUROMUSCULAR KNEE JOINT CONTROL IN ADOLESCENTS WITH
AND WITHOUT GENERALISED JOINT HYPERMOBILITY DURING
LANDING IN THE SINGLE LEG HOP FOR DISTANCE TEST
T. Junge, J. Bloch Thorlund, K. Søgaard, N. Wedderkopp,
B. Juul-Kristensen. SDU, Odense M, Denmark
Purpose: Severe knee injuries can occur due to biomechanical factors
such as knee joint laxity. Generalised Joint Hypermobility (GJH) has
been proposed as an intrinsic risk factor for knee injuries in adults and
adolescents, as individuals with GJH often have knee joint hyper-
mobility. Also, critical knee injuries are known to be associated with an
increased risk for future development of osteoarthritis (OA).
To potentially compensate for reduced passive joint stability, adequate
neuromuscular knee joint control is required before and during loading
of the lower extremities. The aim of this study was to investigate dif-
ferences in the neuromuscular pre and post activation landing patterns
around the knee joint in adolescents with GJH and without GJH (NGJH)
in the Single leg Hop for Distance test.
Methods: This study included 54 adolescents (10-15 years) from public
schools, 25 with GJH and 29 with NGJH, with groups matched on age
and sex. Inclusion criteria for GJH were Beighton score 5/9 with at
least one hypermobile knee, and no current pain of the lower extrem-
ities. Bipolar surface electromyography (EMG) of the following six knee
muscles; Vastus Medialis (VM), Vastus Lateralis (VL), Biceps Femoris
(BF), Semitendinosus (ST), Gastrocnemius Medialis (GM) and Lateralis
(GL) was used to determine pre- and post impact activation levels in %
of maximal voluntary electrical activation (MVE). EMG was registered
on the leg with the most hypermobile knee joint during landing in the
Single leg Hop for Distance test. Group differences of EMG pre and post
activation levels of the six muscles were calculated with amixed-effects
two-level regression model.
Results: There was no difference in performance of the SLHD test
(p¼0.67). At the ﬁrst time point, i.e. 100 ms before landing, GJH pre-
activated ST 30% less compared with NGJH (22.1 (12.6) vs 31.4 (16.6),
p¼0.02), conversely, GJH had a 28% higher GM pre-activity level than
NGJH (32.5 (14.8) vs 23.2 (15.6), p¼0.02). Totally for both time
points, GJH had lower ST (p¼0.009) muscle activity than NGJH. No
difference between groups or interaction with GJH and the second time
point, i.e. 100 ms after landing was seen for ST or any of the other
muscles.
Conclusions: Lower ST and higher GM pre activation levels were found
in adolescents with GJH and knee joint hypermobility compared with
NGJH. The latter is likely a compensatory strategy to enhance joint
stability. Lower hamstring pre activation may result in lower hamstring
contraction force during the initial part of the ground contact,
increasing the load on the anterior cruciate ligament and thereby the
Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489S336risk of injury. Thereby, the present ﬁnding could indicate that GJH may
be an important risk factor for knee injuries and later development of
OA.
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KNEE EXTENSOR MUSCLE WEAKNESS INCREASES THE RISK OF KNEE
OSTEOARTHRITIS. A SYSTEMATIC REVIEW AND META-ANALYSIS
B.E. Øiestad y, C.B. Juhl z, I. Eizen x, J.B. Thorlund z. yNorwegian research
center for Active Rehabilitation (NAR), Oslo Univ. Hosp., Oslo, Norway;
zRes. Unit for Musculoskeletal Function and Physiotherapy, Univ. of
Southern Denmark, Odense, Denmark; xUniv. Hosp. Oslo, Dept. of
Orthopædics, Oslo, Norway
Purpose: Previous studies including systematic reviews have suggested
that knee extensor muscle weakness is a risk factor for the development
of knee osteoarthritis (OA). However, systematic reviews have not
aggregated the reported data into a meta-analysis. The aim of this study
was to estimate the impact of knee extensor muscle weakness on the
risk of knee OA.
Methods: A systematic review and meta-analysis was performed with
literature searches in Medline, SportsDiscus, EMBASE, CINAHL, and
AMED, all up to September 2013. Furthermore reference lists and sys-
tematic reviews on the topic were scrutinized for additional relevant
studies. No restriction on language or publication year was made. Eli-
gible studies had to include participants with no radiographic or
symptomatic knee OA at baseline, and have a follow-up time of mini-
mum 2 years. Studies had to include a measure of knee extensor muscle
strength. Participants were classiﬁed as having knee extensor muscle
weakness if they belonged to the lowest tertile or less in muscle
strength or deﬁned from a leg symmetry index (LSI). If more than one
muscle strength outcome or knee OA deﬁnition were reported, a pre-
deﬁned hierarchy for extracting data was used. The hierarchy was: 1)
Symptomatic radiographic knee OA for the whole knee, 2) Radiographic
knee OA, and 3) Self-reported OA. Peak knee extensor muscle strength
per kg body weight was preferred as measure of muscle strength;
secondly average knee peak torque was extracted. Odds ratio (OR) for
knee OA at follow-upwas estimated in the included trials and combined
using a random effects model. Stratiﬁed analysis for men and women
were performed.
Results: A total of 1000 studies were identiﬁed thorough the literature
searches. After review, four cohort studies with a follow-up time
between 2.5 and 14 years were included. A total of 5102 participants
(3325 men and 1777 women) were included in the ﬁnal analysis. The
studies included different groups of participants; middle-aged indi-
viduals with and without previous knee injury, elderly individuals
without previous knee injury, as well as younger anterior cruciate lig-
ament reconstructed (ACLR) individuals. Weakmuscle strengthwas in 2
trials deﬁned as being in the lowest tertile, when assessing the iso-
kinetic knee extensor muscle strength. In one trial low muscle strength
was deﬁned as having a leg symmetry index of less than 80% (muscle
strength in the affected leg was less than 80% of the muscle strength in
the non-affected leg). Finally in one trial only data on the differences in
muscle strength between patients with and without OA was available.
Overall the meta-analysis showed an increased risk of knee OA in par-
ticipants with knee extensor muscle weakness (OR 1.54 95%CI 1.28,
1.88; I2 ¼ 14.5%). Three trials reported separate data for men and
women and subgroup analysis showed increased risk in men (OR 1.43
95%CI 1.14, 1.78; I2 ¼ 0%) and women (OR 1.79 95%CI 1.37, 2.31; I2 ¼
3.3%), but differences in risk between men and women did not reach
statistical signiﬁcance (P¼0.200).
Conclusions: Knee extensor weakness increased the risk of having knee
OA at follow-up. Even though not statistically signiﬁcant, the analysis
indicated that weak knee extensor strength seems to be a stronger risk
factor for OA in women than in men.
587
RISK FACTORS FOR MAGNETIC RESONANCE IMAGING DIAGNOSED
PATELLAR TENDINOPATHY IN COMMUNITY-BASED MIDDLE-AGED
WOMEN
J. Toppi, J. Fairley, F. Cicuttini, J. Cook, S. Davis, R. Bell, F. Hanna,
Y. Wang. Monash Univ., Melbourne, AustraliaPurpose: Patellar tendinopathy, a condition that causes activity-related
anterior knee pain, has diagnostic magnetic resonance imaging (MRI)
features. The aim of this study was to examine the prevalence and risk
factors for MRI-diagnosed patellar tendinopathy in community-based
middle-aged women.
Methods: 176 women, aged 40-67 years, with no signiﬁcant knee pain
or injury underwent knee MRI. An MRI diagnosis of patellar tendin-
opathy was made if an area of increased signal intensity was seen in the
proximal inferior patellar tendon region on at least 2 adjacent slices on
both T1- and T2-weighted images. The cross-sectional area of vastus
medialis was measured fromMRI. Height and weight were measured to
calculate body mass index (BMI). Physical activity was assessed using a
questionnaire. Serum concentrations of C-reactive protein, androste-
nedione, dehydroepiandrosterone sulphate, testosterone, and sex hor-
mone binding globulin (SHBG) were measured.
Results: The prevalence of MRI-diagnosed patellar tendinopathy was
30.1%. Higher levels of physical activity (odds ratio 1.65, 95% CI 1.09-
2.51) and greater vastus medialis cross-sectional area (odds ratio 1.22,
95% CI 1.04-1.43) were associated with increased prevalence of patellar
tendinopathy, independent of age and BMI. There were no associations
with C-reactive protein, the sex steroids or SHBG.
Conclusion: In community-based middle-aged women MRI-diag-
nosed patellar tendinopathy is common, with higher levels of
physical activity and greater vastus medialis size being risk factors.
The ﬁndings highlight the importance of mechanical factors in the
pathogenesis of patellar tendinopathy. Further work is needed to
determine the contribution of patellar tendinopathy to knee pain
and function.OA: cartilage and bone
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PROGRANULIN A CHONDROPROTECTIVE GROWTH FACTOR IN THE
PATHOGENESIS OF OSTEOARTHEITIS
B.S. Richbourgh, C. Liu, Y. Zhao, B. Liu. NYU Sch. of Med., New York, NY,
USA
Purpose: The objective of this study is to determine the role of PGRN in
human chondrocyte metabolism in vitro and in the course of OA pro-
gression in vivo, as well as the molecular mechanisms involved.
Method: Human chondrocytes and cartilage explants were isolated
from OA patients. The isolated chondrocytes were cultured in the
presence of TNF-a, PGRN, or both. Three days after treatment, cells and
explants were collected and analyzed for anabolic and catabolic mark-
ers. Approaches for evaluating cartilage metabolism, including Safra-
nin-O staining, immunohistochemistry, ELISA and Western blotting,
were performed. A destabilization of medial meniscus (DMM) surgically
induced murine model was generated with both wildtype and PGRN
deﬁcient mice. For testing the effect of recombinant PGRN in severe OA
the ACL model was used. OA severity was evaluated using histological
assay (e.g. Safranin-O staining), degradation of cartilage extracellular
matrix molecules, and osteophyte formation.
Results: TNF-a dramatically reduced the levels of anabolic markers and
enhanced the levels of catabolic markers including MMP13, ADAMTS-5,
iNOS and COX-2, (Figure.1) while this alteration was largely abolished
by additional treatment of PGRN, suggesting PGRNs protective role
against human cartilage degeneration. Our results also demonstrated
that PGRN greatly stimulates anabolic makers, including Aggrecan and
Collagen type 2. (Figure.2). Histological analysis of cartilage isolated
from DMM model revealed (Figure.3) signiﬁcantly increased cartilage
degradation in PRGN-/- mice relative toWT. Safranin O staining showed
little or no proteoglycans in PRGN -/- mice along with signiﬁcantly
increased serum COMP fragment levels. Intra-articular injection of
PRGN signiﬁcantly reduced the degeneration of cartilage in surgically
induced ACL model in WT mice, reﬂected by histological analysis of
cartilage. In the ACL model 4 weeks-post surgery, PRGN treated mice
retained cartilage integrity and showed little or no degradation of car-
tilage matrix in comparison to highly degraded cartilage of non-treated
mice. Collectively, PRGN deﬁcient mice develop more severe OA
whereas treatment with PRGNmarkedly delays the progression of OA in
WT mice.
